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~ ih^ot^xdJIecl rod dif afout 5^5 nn for lArgerJ dlaneter, ^hiclT 

")iB5 trls^^^^ i defbimabie pearl! tic state _ip at rod " 7 

~ J " " '^J^.'^^Hi,^ tilsatjnqht usuaJiy^ Inyolyje^ -a. ccmtrplled..J^^^ 
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: Hi re _rod imoyedr In :~ spi ral <Xfl~ls^&rc^fi^ ^^Mi^. 
^catrled^oat^witK''a^liqujM coolant . ^^-^f^Z^ 

The tirst step in wiie-makihg starts with drawing a rod to a 
?*^f"^° <^ y^^y from I,S to. 4] 

dram wires arc^Ml^i 
?^f«ted to ixate/itingr jproce^s to. enable i'lliifcili 

^jpiaj^yjc^^i^^^ t^e patented steel, iiflws _== 

^J?^==4iF*l«TOr"tpL r^H«a^ ^fi^w-, either a second intexiDediate:-- - 
size or a final diameter. 

Patenting involves heating carhop steel wires ifito the 
25 austenitic phase ^ generally above BOO^C and then quenching " 
the wires to a chosen t^s^rature held for a sufficient 
Bk^f^l^or^^^ dcfcoa^sition of the 

^usteni ie t^Jt^^ T^e.- tej»iwratur<e_ris™ ^the ™ 

::-^zJ!^J'Pn Qf^ the intention being generally to - 

30 provide a fine pearl l:te::=Structure-. ^ 

In a conventional patenting operation the quenching and 
transformation steps are carried out in a bath of molten lead 



„Xn" i^^^ certain jnethc^fs^in inrpl^v;*??^^ 

; . : cooJing Jnedla haKe-2>eejj proposed for direct -heat^^A^ 
10 ojf Aot rol Jed-SteeJ rod in^^ order zo~ obtairt^^^ii^ki^^ 



t/iVcf s' 'i^o^ Cabling one nay £ind^ tor 
^(5^ ^ ^eit^^^s proposals relating to hot mter qumclitihg In a ;=[>; 
prescribed temperature range, either ve^cicaj bahch 
quenching of rod coils pr^hprizpntal quenchipg of 
mntinuously moving spiral loops. One^aljfO encounters the 
. -user of :i^^^ 

.20 solutions:. . fFum^emthere^^re t^^ in which: polgmeric or 

.r-y--™ lh"'t)ie iirater coolant far a better control of - 

frequently violexit boiling phenoatena that occur and even 
aiierapts combining hot water and gas bubbling to increase 

25 the cooling rate. These methods have various merits when 

used in the direct .cooling of ,^Q%. rolled^^^^ transported in 
spiral coils on a horizontal conveyor. Indeed, the use of 
siibcooled bailing liquids :f or direct cooling of hot rods is- 
not so jnuc» a critical process (since there:-is an absencerdf 

50- jnarti^nsite-^brjn^^^ oaring to the elevated heat content an* 
large rod size) as a slo^ process, and most further 
: developments -are airiJGd at i^ 

now these metJiOds^ have been regarded as being less suitable 
or unreliable for wire treatment. 



/orjningr -^uenc/iliigr_::l^^^^ . If _ :^ 

Z>ol^Iiny :cooiing-are Tiot £dimXed. This ihpli^s that sMlI~~ ~- ' ' 
15 V'ariations in the cooiin^ rate inay l>ecd^ 

unexpected nucleate hoi ling and related quenching effects. - = 

."-if iiimiii^^ (which iitffi-iliilceJy :tg::bccur-j«6je^ • ' 

irreguen ti ^ Kici3 Sinai i wl^e ^i?iiy!i:jM|:ya-^^ . 

.-2.0- -detrimental e^ r-..^..^.^.:u.^..^.....^^^ 

. z- „_ -^^^-^f-^J^-^-Ttensite- an<J -l>ainite-so^^ - ~r;i.~~.--r=;=..f -|f==^^^ 

The. need for stahle film hoi ling to carry out reJlaWe'fcrli^^~"~ - " ^'^^ 
- trans fornation'-coolihg has been thought, at least by sorne, =1:: .:™:^^^^^^ 

.2f^ ^-^b^-lTe "a^^ purposes, - 

defective areas which could not he_ corrj^J^ped Xo. one ~ 

pother' sij^^ pjf this- iacic -ojf . . _ - ~: 

control and consistency,, Xt i>a%Jfo^^ v- - - 

„ 30 _ that -the cooling transformation of wires in a water coolant 
~ is not a practical, proposition. 



,:j&r^^geidaahly ieteriorates^in -time 



15 to a predASISSIj^?^f*%*-|^ WfiereJn said *rJre Is 
..r rikau^^^ cooJant Aath esontalhlng 

said fcath so as to effect a reguired. decrease. In Klro 
temperature, said vire.l.ei/19 s^^Je^^ted to^unlfors. and stable 
flJm-iolJedr^isS^^ entire Iraner si on lengi* bj/r ... 

ifiSsi^tmiv p^e ttaiet. Bg 'subsxmtM2g putig' is 
*^te^ ^ifii^'^ '^'^ is practicable, no aineraJ or 
organic additives . and being frei of solute and suspended 
iBputltles. This water may, for example/ be in tJie fortn of 
demineralised •'ater, ^dlst|iied ^a??' / 



-V£0Uta tT<m=aikitHez- bxoKd-aspect there Is herein disclosed a 
i^iifg apparatus domprising : ^^fe^ 

tAre -'^ough a water coolant ba&, a codl ant reservoir and 
means for' circulating the water coolant between said 
reservoir and said bath at a predetermined rate of feed. 



'..1^:.. ^c mtUiuous^^^ 



."IP- . " : Tdrma c i on ^ • • ^j^^ :^ r " ■ "^T- " V: : " • " " " ■ [ ". " . ^V- ■ 

pAtentlngr, it- has rrecae/itiy been e^fta^ll^iiretf Chat a pateiit^^^^ 
1 5 trea tmen t pri or : to a second d fatting cycle' (which is t 
necessarily tJie final drawing operatitin} , i's jnt/ch Jess ' 



:^:r:;;'r:P^ ag^epu^ coQling might he suitable ^ 



. Pre/eraWy tp carryi out this method in "the process ~o£ 

_ "^.^AllJ^Kglc^l patenting, a piuraiityiof steei i/ires i^s ifirsr 
a:axt^nXtize<r/'a^^ alohsr iAtfivid^aJ- 

„-25'- :Fpara2=ie^^^ 

passed^h&:rizoht a predetermined immersion length and 

wherein the wire's, while so imnersed, are contacted with a 
predominantly laminar flow of a water €xx>lant haying.. a- 
cpnstant temperature of at least OO^C (more preferably not 
5^ if^^ than. 65*C) and possessing a sufficient.purity so as to 
achieve and^ to maintain stable film boiled cooling without 
inducing localz^nucleate boiling and quench martensite 
formationy~~ the- wires -being progressively cbbied dfuring 



- - - .j.Ameri^ -^^ J■^ ::^Ms=-^:y■ 

J7j^ 3I^^: \^^^ ' txansfoxiM -~ : 

J^^^ 0 occtirring tp- theJa^^^ 

jraie steeJ Wires th^t can ii? t/:^ate<f hy pr^si^t method = " ~ 

/ i: Jn<?2iide plain carbon sceeis o£ xnediim to high'-carhdn content 

(from About 0/2 to over 1.2 X C and most advantageously 0.4> 
\ -ZLllii-i: to Q*9S X C) , and lo^-alloy carhop steals contaipiny^a smlX , /J ; * 

ajiK}unt of an alloying element, su^^^^^^^^ ^ 

- rrr . -~~ "r= A: .riwl^irthe; preferred range "Ming: :dttini>Jl^l=t!es»X<^^^ 1 =- -::=:/-:. -v^^^^^^^ , 

Preferahly the wire Has a temperatu^^^ " " " 

J sufficient ^eat content to preserve and sustain film ^ = - - 

['^lL:-:/^ y-'-l\^^'-::.^ ' boiling, in combination with iSt/suJ^c^^ [ _ 

, _ _ _ _ _^ - teinperatore ojf at least eo*C, pj^^^fg^ . 7 f _ " 

„j5i^*c-=aner-jnast j>refera2>Jy 1^ v. j- ; 

:7^^:^h i^^^^^ - r/,e jfJofcr o£ crater contacting Che slrtre-^^ r : : = 

50 prevent-dltftortion of the delicate surfaKx boiling wave 

or disruption of the fragile film to wire surface - 
interface, and is of a sufficient purity, free of j-^^^^^^^ 

■susp€nded\\partici^^^ 
" . cf : dissolved icotn^^ 



- . y-jjjg^^ 

and other deposits effecting film boiling stahilltyJt. ; . . . r i ; ;: 

- £.: -. _ " concentrations can Intensify precipitates effe^ts:~aimmd. the. 

„ " - j^lre., disturbing and soinetlmos. even^penetratlng the hol'ltng- z^^^^^^^ 

„-d-. : =- : -„-_-:^5__ - -^flijn--" ^ causing -^a local transition to nucleate boiling " ~ ""-—F^^-iMl^^^^ 

- resulting In quench effects J . Thick oxide scales are also to~ '"' - - 

he avoided, -not anlu hecAus&~ of th^fr' InM^V-J^a^i^ - _ ~„ _ :-"_=-t~iee^ 

:';;;;^-*;TT • .• ^^^^^f^^ oxide 

^ ^^^^^'v penetrate the fragile boiling 

;.. ■::V;,4JL\,., ^ film and thereby - produce locally. quenched ~surfac^_jajr^s , „ _J ''" i.:..^L: ' 

- r.=. containing J„e$s def*orTOMe ^ainiCejan<f brittle joar tens! te.- - ..-.^ , iiLLji^^lvli.; " 

^cccyrdlngig a water- cdoiaiit of sf»ciried purity is ~ 

similar purity (e.g. demlnerailiz^:;ya^ 

thieretd a hott^oxldizlng f^^^ at^spAeFe Is most deslrable^ 
■;.L.. ■ ■ ^"^^i^ wntrdi wire surface quality. St^ingf during 

austenltlzatloh and wire iixldatlon ahould be avoided. l«tMen „ ^ ^ ~ ~ 
:^ , „ 5^ furnace exit and water bath entry ^ e.g. by providing a 

protectlvc /lood ^etureen furnace and- c€)o2ant bath so that the:_-.-:r - 
remain under a nqn-^oxldlzlng gas from the furnace up 



6: - 



' ^^^^ ^-"^^j^^ • 

■■■ -/^^ygL^-:.;-.^ - coolings transfortnation .curws _ xeJafrei^ 
" encf points of i/lre-c^MX^^^ 
20 W^ore 5 fs a T.T.T. dlagriw of 



Reiferriiig jta the draj^i/isT? ^ |49 I ^.^^^^^ ? 

inedlifln-and "high-cart -Iflf f s,h^g.,4in^^te^^^^^ 

-cj^ Jrhfjfig.--J »tf«M-Mr«iip^ 

hobtf 7 h&or horizontally dipping into the water hath «.= 
cocking" » coo21ng cfevrlce 1 conprises a i/ater 

ta^lt 2 with a cdntinuoizs overflow to cblleot:dr reservoir 3^ 
wherein the water coolant Is kept at a constant tewpe ratar e 



"V^jy^y.^^^^ ■ • ■ j^--y''^^ ^^J^r . 12,^ Which f^s the :^ _ = = ^.-..-z:- - j - 

^^thqut turbulGiic^ in the coolant bath. An internediate " ^^-^-jr^z^i- 

. ~ P-^"«te- 15 located at an adjusc^le height ^^ove tJie 6ri£icB ' /•''-•Yf^P^^^^ 
- -pJate^ 3 prevents tt^ 

^w^-' J?- -iT^e K4re ijmnersion rJength is = - - - >~: 

3P „ either l»y arranging a :sildlng-_c^^^^ 

A.OKr^^ - : r \ member 14 tCf by otherwisie providing means (e.g. 

movable/1 if table exit support 9') tor adjusting the wire 





"* • ~-2]nnR»er0ion Mhe. " - -~ " ------ ' ------- - - - . 
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^u^sticut^ jfbr a convejitionaJ patenting treAtiaeht^ the 



teu^rature to a predet<^igBM«^i^-^'*^-^^'?^^^ 
then reacted tOypearllte^ _ wherel^y ^JClie.- P^p^ ^f. 
■i^aaifM!^^ ' piace . ou tsf 3e:=4th^^ •■: 

afflblent ai*^. i)ej^ndirig on the actu*?^ Iwne^ton-S^^ 

'\Wpi^ti^Vn the GOolMt teffjJe^Sicari? arid kJ re diameter/^ a 
ipkcified cobling-iransecfrmatioh imge can lji«>d^r<ed; 
JBecause the wire cooling ninge at the end olf ijanersion Is 
easily adJustaJbJe in a wide range, say.«OT:ii^ 

ffuf^icient contWl « r^n^e ift 

in the cooJant^ though =*rhen-a-Iarye part of auatenlte 
d^ccttipdsitidn takes place while the wires are Immersed, 
e.g. when einploylng a long water bath. It Is to be 
emphasised that the necessary conditions o£ stable £12m 



_ _ _ . .^described^ ahoye^snd.illus tra tjsji -inLflgpiliyjaa;^ 



■:p ^---Hof :=a2)oiJt 4 an the wires Were 



■aubsequeht: tiiaist^h^ 3 , 

i^Q Xn J^i^* 3. »fire temperature is plotted its a function of the 
distance L.J from) the coolant bath entry ^- Region A 
. corresponds- to water cooling B to further air cooling and c. 



. • .i^r^a .... 

-process; ~Sti^^ Kas^inal/jtalnedE^^^ 



^^^^ ;-55z:«-C= •iras.-^uiyected -tprna- 

:i2;5;- • .:ajwnoni4ii : •;_ ^^^^v •^•;..:::;.:;- ;r "r::^^ 

- -and injiighiy, fluctuating, ten? lie.^^^ 

_ _ ^ ~s£rttcturai :wlre..|>K>|>ertif3_ sWing^ freqaentlg -brittle 

50 Alcove a urater tenyerature of" 9C?*C tJ>e occurrence o£ 

martensitic areas was greatly eliminated during short 
trials. However /with increasing processing brittle 
places appear(^~d again7^d so ^treated wires were unfit 
for iwliiterrbptei^ "7-"" 



i/Jre tfirough 4 ¥^psr tpo^Xant device M^herj^in disclpsedj. 
Adequate patentlrig results tifefe ohUkinabZe. with a„ coolant 
teiig>erattire c^fi«>r^ ^^9^ 55 ~ 96 ?C. Depending on 

stre/igtA 

;<|ic>M^ - 4 seconds) to 1400 



Above d ocx>Jant tei^rature of' ai2>ouC 95*C it tecomes 



20 incxeAsingly difficult to supply the desired constant „r<»te 



of constant coolant cifculatlon because balling phenomena In 
the supply water may b€<:gme excessive thereby _ affecting, 
punning load fjaed rate. Below as^C. there is an . - 

wire dimeters (1,5 - 4 mn) In Indus trial. . practice, due to " 

''Uni^i^^ 



T;r^rahge of 80*C up to about the billing poihit^^B^lt&x^^ap^^ 
is preferably higher than BS^C. A preferred range is BB to 
30 ?B*C and a most preferred water tetnperature range 90 to 9.6*C. 

It should be. appreciated that ln_ applying this 

CPpliM^^ process pf- 



^0= 



^ : ^ ^^ui-ve referring ta a wire codling- transformation with 

: prior Kater cooJlng donn to a point located atciund SSO^ 
it shotfs a transformation tthitA may already he IniiUtid h&Hb 
the wire la atlM-immr^^l^f ^^ope of cooling m?e a 

tmaperature^»^sihce a»ld=teaperature caift maM^be yaxied in a 
rather narrow range erf ahoutiflS i«» .tCfe.9S-r...PfllC^(Ji»*«2Jy W 



t to liM^Cby^lW^lfe^ittS^J*^^ xa^ iepre8&it!Fr :"s^ ^^ 

the start oi^- i^ler c^ pdlnts XI, X2 and X3 

i5 .. represent the end point wire limerslon (reiideiKe tines = 
t2, ti, tj; and the jxrresponaing curves al, anJ £3 shcs.' 
the noriwiJy e;(P!e^jed,f uh^ ^" •^Ire t^iUperature j 

-with further aaibimtialr^.c^ . I 

mansf^riaationi Zn ^oryev*! there cm 2se?«««n a- £4rst=i>f rfr. ■■■':^^^M 
! ffl to air .coolinsr ;^Z^;^ v r; 

••tliii^kw- the -^tairt of au«tiei»lte-1dteeaB«>o»ltloi»-=at-«*3?.---- =--='^- 



reaiperature Tc (with immersion tine te) rf presents a 



"iiritical- Jev^; 
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*Q:; ; *i to different tem&tzature. end points wlth^ a , 











; jt—gjiw «ri y .-^j J ♦^m-fc" J y — ' • " ' • ' 


















:ing, thoL method is not- 9 





„2a rMiiy. isotAexinal tjraiJffonMtion process^ hut a^proeeasrol - 
-c<uitip^jt^usy-cooling trmsforMtion^zsinc^ 

. decreases. less^ abruptly, from^austeniti .i="_^-=.:. 



JBy usif)g, for exaj^lf^ fJ^ie ppd^ination„^^^ mter |>a toting 
apparatus i/i iine i^lth an iMuiatecf ap^ce_ (e.g._ a flat ^ 
tunnel chainb^r; disposed after tAe qooiant>atA^ it Is 
possiMe to iar^eiy pretrent undesirable temperature 
•^ariatic^^lLi^^ especially when - : 



ensur^ihg=tfe io^^ staMIitV thereof lli practical 

.^^t>ducaon 'C±tcii^^ whldb means comprise a irat^r 

15 "^laurit »ee ojf addltiVei and having a sv££Xclent f^f5^' . ' 

•/ater ^U|»|>j|tf circulation si/stex? Jfp A?.J^ ^Ifff^l?'^ ^?ff_ 
by a continuous laminar «0ir^pf: Acfe-Ka^^^ 
^2®^ r 11^^^^^ ^ricltisive means tor cqolanp heating 

'■r ten^rature regulation -iknd means^tor automatic 
Adjustment of coolant level in the reservoir through 
addition of fresh coolant to compensate the continuous ^ ^ 
evaporation losses {which level adjustment should 2>e £ine-- 
25 enough to keep <x^iant ten^rature fluctu^a^i^ 
narrpfcr inargln of_i>ref€rahly not mor^ _<^an pi^ 



Stahle film hoJIl»9[_:„<?^ secured aiongr.the entire^ 

length of the iimersed wires , and the delicate balance of 
film boiling is consistently preserved, even during long 
industrial operations and without the need to employ specif 

poutyater .ad^ jSil^7ii0^ 

"coolah't;. 7~ .:"r 



-/^ v-^;-"- The- tre^ted^wires have a s^trength comparable to that ^^^^'"^^^^^^ ="v~t^;:i^^^^^^ 

*<^^«*'^rf isot/iermai patenting of identical lif ires in ^!r-J:Z''^^ 

" ------- 



. .,. Modifications to the ^specif ic en^qdiments and\-xd~ any- troads: --^ r. 

aspects thereof .referredRto.^^^^ -^^^^r- •:i9~^^'-:^iM^==^ 




— 1:-. ..J-..:..:.-. W. -^.--^^it^ 
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6. A TOthod according to any precedlnjr claim " 

: „ .7:-. Jl »et/ic)<f According- to my preoedlpg clAiin 
wherein tKe wire ;t5 transported a^ong. a .general Jy; horlzontaj 



20: 



9 v;t?A" gnethod according ta ; dalin ; ^ Wiiefei w ; ; iikld\:Hix0- ' 



i3 . A method according^ tO- any ~ of .claims 9~ to 12-^: 
wherein the stability o£ the- tllm^boi 2 ed^yater= cool ing^^^ 



■ iess than m^fim _ -4='4,r%" ■ ' ' 



"•d*iif enseal© 



:r^^y^:^-ms^ Mter coolant at^a,i d&stred^^tGmperAZuzB-md- 

- means for ^autoiaatlc replenishment of~ <xfnsuni^-aoolantiir~ ~ 



j2p., cooiiAff!^^^ Which- the, continually szsupplie^^^^^^ 



«oi^^ oyer to ^returned to tt%^«>oiAnt rese^^ 



. ^j^^^^^^ gciasi -laminar of 

water coolant in ~ tZie vire ilm ,#^^<f > :i!^^^=r^ 

comprising a suJbmerged cxyolaht supply and disiriiukiqn 

30. the fluid supply from the reservoir and provided with a 

-.pljiwe^My^: 

■■ ^ii»;::-Jfed^ entirely 
■■ -ienielo&ng^M^ -rsaldf^-^^ 




9'^ 2 ^I'ft^ 
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